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The accurate prediction of wave runup on deepwater 
offshore platform columns is of great importance for design 
engineers.  Although linear predictive models are commonly 
used in the design and analysis process, many of the important 
effects are of higher order, and thus can only be accounted for 
by complex nonlinear models that better reflect the physics of 
the problem.  This study presents a two-parameter Weibull 
distribution function that utilizes empirical coefficients to 
model the surface wave runup.  Laboratory measurements of 
irregular waves interacting with vertical platform cylinders 
were used to obtain the Weibull coefficients necessary for the 
analytical model.  Six data sets with different configurations 
where the wave elevation was measured close to the test 
cylinders are analyzed.  These data on wave runup in deepwater 
random waves were generated at similar water depths with 
identical significant wave heights and spectral peak periods.  
Statistical parameters, zero crossing analysis and spectral 
analysis were utilized to characterize and interpret the time 
series data.  The analysis focused on interpreting the tails of the 
probability distributions by carefully fitting the analytical 
model to the measured model data.  This study demonstrates 
that the two-parameter Weibull model can be used to accurately 
model the wave runup on platform cylinders for the range of 
experimental data investigated in this study.   
 
INTRODUCTION 
Wave runup, a hydrodynamic phenomenon, is defined 
as the maximum vertical elevation of the wave crest above the 
still water level resulting from the incident wave field 
interacting with surface-piercing elements such as of an 
offshore platform.  Of particular interest to offshore engineers 
selecting the appropriate deck elevation above calm water level 
is the wave runup at the forward vertical legs on both fixed and 
floating platforms.  If the runup is too high, overtopping of the s://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Useplatform deck may result and may cause green water 
submergence, i.e. flooding, of operational areas.  Beneath the 
platform deck the rapid rise in water level can result in wave 
impact or slamming loads on the underside of the structure.  
Thus, an accurate prediction of modifications to the incident 
wave field close to and under the various types of offshore 
platforms is critical. 
Numerical and analytical models are often used to 
make preliminary estimates of the wave runup on offshore 
platforms.  Although linear predictive models are commonly 
used in the design and analysis process, many of the important 
effects are of higher order, and thus can only be accounted for 
by more complex nonlinear models that better reflect the 
physics of the problem.  Even then, accurate prediction for 
design is at times elusive since geometric and dynamic 
platform characteristics often result in unexpected wave-
structure interactions.   
Some of the background for the present study 
originates from a research paper by Niedzwecki et al. (2000) 
where an alternative prediction of runup was presented.  There, 
an analytical expression for the probability density and 
cumulative distribution functions were given based upon the 
use of Weibull distributions.  The approach utilizes empirical 
coefficients to model surface wave runup and airgap problems.  
The study concluded, based upon a limited amount of model 
basin test data, that a two-parameter Weibull model was 
accurate for the random wave runup on spars and tension leg 
platforms.   
The primary objective of this study was to conduct an 
extensive analysis of experimental data provided by Norsk 
Hydro, Norway.  Of particular interest were the statistical 
characterization of the data and the application of a two-
parameter Weibull model presented by Niedzwecki et al. 
(2000) to predict wave runup on the platform vertical columns.   1 Copyright © 2004 by ASME 
: http://www.asme.org/about-asme/terms-of-use
DowThe incident waves generated in this study had a 
Gaussian distribution that was modified and became non-
Gaussian once the surface waves encountered and passed the 
experimental models used in the test program.  Statistical 
analyses were used to characterize the degree of nonlinearity of 
these time series data.  The modification of the wave field is 
described through a combination of statistical parameters 
characterizing the time series data, and also by parameters 
obtained using zero-crossing analysis of the data.  Direct 
comparisons between the Weibull model predictions and the 
measured model data are carried out.  The results can easily be 
applied to the analysis of other deepwater compliant platforms 
given the appropriate data.   
 
METHODS OF ANALYSIS 
Wave Spectrum Model 
Real deep water ocean waves are considered to be a 
Gaussian random process, and the probability distribution of 
displacement from the mean value practically obeys the normal 
probability law.  The profile of the random sea is developed in 
the model basin using long crested uni-directional random 
waves.  In this study, a Torsethaugen wave amplitude spectrum 
(Torsethaugen 1993) was applied.  This spectrum is a two-
peaked spectrum that includes both locally generated wind sea 
and swell from remote wind fields.  It is developed specifically 
for the North Sea and characterized by the same parameters as 
the JONSWAP spectrum, Hs and Tp.  The spectrum is based 
upon the superposition of two JONSWAP spectra resulting in a 
primary peak and a secondary peak.  The primary peak or the 
highest peak, located at Tp, is either generated by local wind 
fields (Type I), or it is a result of swell (Type II).  The 
secondary peak for sea of Type I represents the contribution 
from swell and for sea of Type II the contribution from local 
wind.  The boundary between the two sea types is given by 
 
 3/1sff HaT =                                                           (1) 
 
corresponding to fully developed wind sea.  This is according 
to Hasselmann et al. (1976) and based on the JONSWAP 
experiment.  The factor af is fetch and duration dependent, 
where af = 6.6 [s·m-1/3] for long fetches.   
 
Statistical Characterization 
The degree of nonlinearity or non-Gaussianity of the 
data can be characterized using the skewness and kurtosis 
parameters.  The skewness quantifies the asymmetry of the 
probability density function (pdf) using for example the 
Gaussian pdf as a reference.  Larger absolute numerical values 
indicate greater skewness and hence less symmetry in the 
distribution.  A positive value of skewness indicates that the pdf 
is shifted to the left and that the mode has a value smaller than 
the mean, while a negative value of the skewness indicates 
shifting to the right.  Kurtosis is a measure of the extent of the 
tails’ distribution.  A negative value of kurtosis indicates that  
nloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Usthe pdf peak is somewhat flattened and the tail areas increased.  
This flat-topped distribution is called platykurtic.  For a 
positive value of kurtosis, the peak becomes higher and sharper 
and the tail areas are decreased (leptokurtic).  For a random 
process that is a Gaussian process, the kurtosis is 3 and the 
skewness is zero, or as in the case with real data, nearly zero.   
Another way to characterize the sea states is through 
the bandwidth parameter, ε , which is a measure of the width 
of the wave energy density spectrum (Cartwright and Longuet-
Higgins 1956).  The bandwidth parameter depends to a great 
extent on the frequency range where the dominant wave energy 
exists rather than representing the range of frequencies covered 
by the spectrum.  The value of ε  ranges from 0 to 1.  Thus, if 
ε  is small, the spectrum may be said to be narrow banded, 
whereas for ε  near 1, it is a broad banded spectrum.  In the 
time domain analysis, an estimate for the spectral bandwidth 
parameter can be made from the mean crest period and the 
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where zT  is the mean zero crossing period and cT  is the mean 
crest period.  In the energy spectral analysis, the spectral 
bandwidth parameter is estimated from the moments of the 
wave spectrum.  The nth moment, λn, of a single sided spectral 
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The spectral moments are defined using the frequency ω = 
2π/T, which has units of radians per second.  The computation 
of these higher moments is quite sensitive and care must be 
taken in their evaluation (Press et al. 1992).  Any noise in the 
estimate of the energy spectral density at the high frequency 
will be amplified in the calculation of the higher moment, e.g. 
λ4, because of the fourth power of the frequency involved in its 
estimate.  The bandwidth parameter estimated from the wave 
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where, λ0, λ2 and λ4  are the zeroth, second and fourth spectral 





DownlHiggins (1956) suggest a different approximation of ε  that can 
be obtained directly from the time series 
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÷
1N  is the average density of negative maxima and 
+
1N  is the 
average density of positive maxima.  The relationship between 
the different methods of estimating the bandwidth parameter is 
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The ratio of the bandwidth parameter to the mean crest period 
and the mean zero-crossing period provides a practical 
approach to the physical interpretation.  If the wave data is 
dominated by waveforms displaying only single peaks and 
troughs, the frequencies or periods in Eq. (2) will approach 
unity and 0→ε , indicating a narrow band process.  In more 
severe seas, the wave profile is much more irregular in the 
sense that often two or more peaks and troughs exist during 
each cycle.  In this case 1→ε  and the process would be 
considered to be wide band.   
 
Two-Parameter Weibull Distribution 
Large significant wave height data are well 
represented by the Weibull distribution.  For the accurate 
modeling of the tails of the probability distribution, a two-
parameter Weibull probability density function (pdf) is 
considered and can be written as (Leemis 1995) 
 
 
κλκκκλ )(1)( xexxf −−=                                           (8) 
 
κ  is referred to as the shape parameter, λ  is referred to as the 
scale parameter, and x  are the positive amplitudes of the 
random variable being modeled.  A special case of the Weibull 
family of probability functions that is also considered is the 
Rayleigh distribution.  The corresponding cumulative 
distribution function (cdf), obtained by integrating the pdf over 
the interval [- x,∞ ], can be expressed as 
 
 
κλ )(1)( xexF −−=                                                  (9) 
The survivor function, which is defined as the complement of 
the cdf, is a useful function for graphically interpreting the  
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The shape and scale parameters are evaluated using the 
measured data.  Hence, the parameters will be used to fit the 
two-parameter Weibull distribution to the selected time series 
data with the purpose of predicting wave runup.   
 
DESCRIPTION OF THE EXPERIMENTS 
In the fall of 1998, Norsk Hydro in collaboration with 
Marintek carried out model tests with the intention of providing 
information about the modification of the incident wave field 
close to the platform columns with particular interest on wave 
runup on the columns.  The two-peaked Torsethaugen wave 
spectrum was used as the basis to generate the model basin sea 
states.   
 
Models 
Two different models of single cylinders and two 
different models of a four-cylinder configuration were made for 
the experiments.  One of the single cylinder models was 
composed of a cylinder with circular cross section while the 
other had square cross section with corner radius.  The two 
four-cylinder models were composed of four cylinders 
equivalent to the cylinders in the single cylinder models.  The 
diameter/width of the columns corresponds to 16 m full scale, 
where the model scale is 1:48.93.  The corner radius of the 
square cylinder is equivalent to ¼ of the width, i.e. 4 m (see 
Fig. 1.).  The submerged part of the cylinder is equal to 
1.5·diameter (width), that is 24 m, and the height of the 
cylinder above still water level is 37 m.  This is about 10 m 
more than the typical freeboard on a semi submersible like 
these models represent and was done in order to be able to 
study the undisturbed wave runup.  The distance between each 
of the cylinders in the four-cylinder models was 68 m.  Both 
the cylinders with instrumentation were marked at the still 
water level and with a grid corresponding to 1.0 × 1.0 m 




Fig. 1:  Model Cross Sections. 3 Copyright © 2004 by ASME 
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DownWave Generation and Data Acquisition 
To measure the wave elevation in the field around the 
cylinders, 16 wave gages were installed.  The probes were 
positioned in the same distance from the cylinder and the same 
location for both the model types.  The probes were located on 
a straight line and in four different directions for each cylinder.  
The first probe in each line up was mounted on the wall of the 
cylinder, and the distance between the three other probes were 
distributed over a distance of half the cylinder diameter.  This is 
presented in Table 1 and Fig. 2.  The direction is referred to as 
clockwise when the model is viewed from above, and 0º is 
towards the wave propagation.  The wave measurements that 
were chosen for use in this research study were those that were 
located closest to and in front of the columns, which, as shown 
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Fig. 2:  Location of wave probes. 
 
In addition to the local measurements, global 
measurements of the wave elevation were recorded at three 
locations; 3.0 and 15 m in front of and 3.0 m to the side of the 
instrumented cylinder.  During the wave calibration, a fourth 
probe was positioned at the same location as the center of the 
instrumented cylinder.  For the four-cylinder configuration, the 
wave elevation was also measured at the center of the model 
and at the center between the two front cylinders.  The 
calibration of the irregular wave condition had a registration 
length of three hours full scale.   
For all the tests conducted for the irregular seas, the 
significant wave height (Hs) was 12 m and spectrum peak 
period (Tp) was 12 s.  For the single cylinder model only head  
loaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Useseas (0º) were used.  The four-cylinder model was rotated 
around its vertical axis so that the wave runup was recorded for 
both head (0º) and quartering (45º) seas.  The wave conditions 
for each configuration are presented in Table 2 and the test 
configurations for the four-cylinder models are illustrated in 
Fig. 3.   
 
Table 2 
Wave conditions for each model 
 






























Fig. 3:  Test configurations for the four-cylinder models. 
 
DATA ANALYSIS 
Characterization of the incident wave field 
In order to ascertain the degree of Gaussianity of the 
data, the first four statistical moments were computed from 
single realizations of the sea states.  These are presented in 
Table 3.  Zero crossing analysis was carried out in order to 
estimate the bandwidth parameter.  This was also done by 
calculating the spectral moments in the frequency domain, and 
through an approximate method presented by Cartwright and 
Longuet-Higgins (1956).  In addition, the bandwidth parameter 
was estimated by measuring the width of the spectra as the 
distance between half-power points (see for example Percival 
and Walden 1993).  A summary of these parameters for incident 
waves is presented in Table 4.  The bandwidth parameters 
indicate that the sea state is narrow-banded, which is consistent 
with the spectral model used to generate the sea.  As can be 
seen the variability in the input spectra is small.  The mean and 
standard deviation reflect the severity of the seas being 
generated.  The skewness and kurtosis have slightly larger 
values than zero, as will be the case for real data, but are still 
within the range that are considered Gaussian waves (Carlson 
et al. 1967).   
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Statistical moments and Weibull parameters for incident waves 
and wave runup 
Cyl. Configuration Hmax (m) µ (m) σ (m) γ3 γ4 λ κ
Incident waves 10.916 0.021 2.928 0.059 0.233 0.256 1.636
One circular 23.592 0.409 3.801 0.919 2.483 0.204 1.244
One square 28.206 0.510 3.883 1.222 4.022 0.202 1.211
Four circular 0 21.490 0.124 3.865 0.525 1.744 0.203 1.346
Four square 0 22.239 0.054 3.678 0.529 1.800 0.216 1.341
Four circular 45 24.025 0.453 3.847 0.880 2.142 0.204 1.248




Bandwidth parameter for incident waves and wave runup 
Approx. Spectra
Cyl. Config. Tz (s) Tc (s) ε data Tz (s) Tc (s) ε mom ε appr ε frq
Incident waves 11.312 10.664 0.33 10.452 0.853 1.00 0.47 0.17
One circular 10.652 10.111 0.31 8.960 0.848 1.00 0.64 0.14
One square 10.654 10.206 0.29 9.280 1.530 0.99 0.68 0.14
Four circular 0 10.861 10.286 0.32 8.932 0.785 1.00 0.51 0.32
Four square 0 10.758 10.166 0.33 8.876 0.528 1.00 0.51 0.32
Four circular 45 10.613 10.125 0.30 8.512 1.405 0.99 0.64 0.32
Four square 45 10.034 9.100 0.42 8.224 0.292 1.00 0.74 0.21
Data Spectral moments
 
Single Cylinder Experiments 
The incident wave field, having a Gaussian 
distribution, is typically transformed to a non-Gaussian 
distribution when the surface waves encounter and pass 
compliant deepwater platforms.  The statistical parameters for 
the wave runup, also presented in Table 3, show that a 
significant change has occurred.  As can be seen, the mean and 
standard deviation of the wave runup is slightly larger than for 
the incident waves, indicating that the sea has become more 
severe.  A comparison of the skewness and coefficient of 
kurtosis indicates that a considerable transformation has 
occurred and that the sea state is no longer Gaussian.  The 
runup results show a significant increase in the skewness and 
kurtosis for both cylinder types.  It can be observed that the 
transformation is most substantial for the square cylinder.  This 
is because the flat wall of the square cylinder obstructs the 
propagating waves to a larger extent than the circular cylinder.  
Hence, the circular cylinder obtains better hydrodynamic 
results, although flat surfaces as in the square cylinder often are 
preferred structurally.  In Fig. 4 the distribution of the crest 
amplitudes of both the undisturbed incident waves and the 
wave runup are presented.  It is observed, as can be expected  
nloaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Usefrom the high values of skewness and especially kurtosis, that 
for the wave runup there is much more weight in the tails and 
the distribution is less peaked.  The single cylinder tests 
indicate that the modification can be quite substantial.  The 
cumulative distribution, shown in Fig. 5, presents additional 
evidence that the wave field is no longer Gaussian.   
 
Fig. 4:  Probability distribution of positive wave amplitudes, 
incident waves and wave runup, single cylinders. 
 
 
Fig. 5:  Cumulative distribution of positive wave amplitudes, 
single cylinders. 
 
 Another technique to demonstrate the modification of 
the wave field is through the bandwidth parameter, ε.  The 
bandwidth parameter for the wave runup, estimated using the 
different approaches, is presented in Table 4.  The columns 
labeled with the heading "Data" contain the bandwidth 
parameter estimated using zero-crossing analysis, where Tz(s) 
is the mean zero crossing period and Tc(s) is the mean crest 
period.  There are some problems with the precise definition of 
periods and amplitudes as the data become broad band 
(Longuet-Higgins 1983) and this causes the calculation of ε  
(Eq. 2) to be somewhat less reliable.  The bandwidth parameter, 
based upon frequency domain calculations (Eq. 4), is presented 
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zeroth, second and fourth spectral moments are evaluated.  The 
calculation of the fourth spectral moment is extremely sensitive 
and is indeed problematic to evaluate compared to the zeroth 
and second moments.  This causes the spectral bandwidth 
parameter estimate to be rather large relative to estimates from 
the other methods.  For comparison, the mean zero crossing 
period and mean crest period are calculated.  The calculation of 
the mean zero crossing periods, Tz, is based on the zeroth and 
second moment, and thus, as can be seen from the tables, does 
not vary to a great extent from the value estimated from the 
time series.  The mean crest period, Tc, is calculated from the 
second and fourth spectral moment, and the large difference 
from the time series value illustrates how erroneous the fourth 
moment is.  The column indicated with the heading "Approx" 
contains the bandwidth parameter estimates obtained from the 
procedure suggested by Cartwright and Longuet-Higgins 
(1956), Eq. (5).  The bandwidth parameter estimated in the 
frequency domain based on the distance between half-power 
points is presented in the column labeled "Spectra".  Generally, 
for all the cylinder configurations, 
momapprdatafrq εεεε <<<= .  The estimations from the 
"Data"-method and the "Spectra"-method are fairly close to 
each other, while the estimations from the "Approx"-method 
have somewhat higher values.  Comparing the results from 
incident waves and wave runup in Table 4, it can be observed 
that for the single-cylinder cases, the different bandwidth 
parameters stay about constant or increases for the wave runup.  
This indicates that the wave spectra would become wider, as is 
expected.  The wave spectrum for the runup, superimposed 
over the spectrum for the incident wave field, is presented in 
Fig. 6.  The figure shows that the spectra for the wave runup 
appear wider.  Small peaks caused by swell can also be 
observed, which are not considered to have much influence on 
the bandwidth.  As expected the spectrum for the runup 
amplifies the incident wave field except at very low 
frequencies, i.e. long wavelengths.   
 
Fig. 6:  Wave spectra for incident wave field vs. wave runup, 
single cylinders. 
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amplitudes are presented as normalized histograms in Fig. 7 
and Fig. 8.  The two-parameter Weibull probability distribution 
and the Rayleigh probability distribution are superimposed 
over the data.  It can be observed that the fit is very good all the 
way into the tails for the Weibull distribution.  The 
corresponding values of the shape parameter, κ , and scale 
parameter, λ , estimated by the maximum likelihood method 
are presented in Table 3.  The scale parameter is used to 
indicate how severe the sea states are, while the shape 
parameter tells how peaked the distributions are.  When the sea 
is more severe, the scale parameter will have smaller numerical 
values, and i.e. there is more weight in the tails of the 
distribution.  If the wave heights tend to be very close to a 
certain value, the distribution will have a high shape parameter 
estimate and the resulting distribution will be very peaked.  The 
Rayleigh distribution is a special case of the Weibull 
distribution where the shape parameter is fixed at κ = 2.  The 
amplitudes of narrow band Gaussian ocean waves whose 
components are in random phase have been shown to follow 
the Rayleigh distribution (Longuet-Higgins 1952).  When 
something is obstructing the waves a different distribution is 
needed to fit the data.  Thus, the Rayleigh distribution is not 
expected to provide a good fit to the wave runup, which is 
confirmed in the figures.  Due to the high κ value, the Rayleigh 
distribution is much more peaked than the distribution with 
parameters fit to the measured data and therefore presents a 
limiting case.  In Fig. 9 the empirical survivor function for the 
wave runup versus the Weibull and Rayleigh models is shown.  
This provides a nice interpretation as the probability of waves 
exceeding a certain level is presented.  Clearly for runup on the 
single circular cylinder shown as well as for the single square 
cylinder, the Weibull model, with estimates of the scale and 
shape parameters, provides a reasonable fit to the data.   
 
Fig. 7:  PDF of positive wave amplitudes superimposed over 
histogram of runup data, single circular cylinder. 
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Fig. 8:  PDF of positive wave amplitudes superimposed over 
histogram of runup data, single square cylinder. 
 
Fig. 9:  Estimated survivor function for wave runup, single 
circular cylinder. 
 
Vertical Cylinder Array Experiments 
The statistical parameters for the wave runup on the 
different four-cylinder configurations are presented in Table 3.  
The means and standard deviations show about the same results 
as for the one-cylinder cases.  The skewness and kurtosis are 
also modified to about the same extent as in the one-cylinder 
cases, depending in the different cylinder configurations.  This 
indicates that the wave runup for the four-cylinder case is 
nonlinear as well.  It is expected that the quartering seas will 
cause larger wave runup and modification to the wave field 
than the head seas.  From Table 3 it can be observed that this is 
true for both the circular and square cylinder models.   
The bandwidth parameter for the four-cylinder arrays 
estimated with the different approaches described above is 
presented in Table 4.  When comparing these results from the 
wave runup with those from incident waves, it can be observed 
that the bandwidth parameters stay constant or increase for all 
the different configurations.  Again, this is an indication of the 
wave field becoming more irregular and the spectra wider.   
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distributions of the positive wave amplitudes for the circular 
cylinder array head sea case and the square cylinder array 
quartering sea case are presented as normalized histograms in 
Fig. 10 and Fig 11.  The two-parameter Weibull probability 
distribution and the Rayleigh probability distribution are 
superimposed over the data.  The corresponding shape and 
scale parameters are presented in Table 3.  The shape of the 
distribution depends primarily on the value of the scale 
parameter.  From this table it can be seen that the numerical 
values for the scale parameter are slightly larger for the four-
cylinder tests than for those with one cylinder.  This indicates 
that a smaller number of the total amount of the waves is 
concentrated in the largest runup, i.e. there is less weight in the 
tails.  Parallel with the results for the one-cylinder case, the 
Weibull distribution, with shape and scale parameters, 
outperforms the Rayleigh distribution.   
 
Fig. 10:  PDF of positive wave amplitudes superimposed over 
histogram of runup data, four circular cylinders,  
incoming waves 0º. 
 
Fig. 11:  PDF of positive wave amplitudes superimposed over 
histogram of runup data, four square cylinders,  
incoming waves 45º. 
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DownSUMMARY AND CONCLUSIONS 
This research focused on the complexity of accurate 
prediction of wave runup on deepwater offshore platform 
columns.  Initially it was assumed that a two-parameter Weibull 
distribution was appropriate for the process being studied.  
Emphasis was placed upon the accurate modeling of the tails of 
the probability distributions, and the Weibull probability 
function allows this type of adjustment through its shape and 
scale parameters.  Laboratory measurements of irregular waves 
interacting with different cylinder configurations were used to 
obtain the empirical Weibull coefficients.   The analytical 
model was then compared to the experimental wave elevation 
measured in the wave tank to see how well it predicted the 
wave runup.  The concept of survivor functions was also 
introduced as a means to characterize the data.  The results 
revealed that the shape of the probability distributions is highly 
dependent upon the scale parameter.  It was concluded, based 
on the available data, that the two-parameter Weibull model is 
accurate for the wave runup on platform cylinders.  However, 
more experimental data may well be devised to confirm the 
conclusions of this study.   
 The investigation of the wave field and of the 
modification that it undergoes when the surface waves 
encounter and pass deepwater platforms was one of the 
additional objectives of this study.  Statistical analysis was 
conducted to characterize the nonlinearity of the time series 
data.  The amplitudes of the incident wave field was shown to 
be nearly Gaussian distributed, while the wave runup was non-
Gaussian to different extents, depending on the different 
cylinder configurations.  It was shown that the runup was 
somewhat larger and more nonlinear at the forward legs of the 
platform than beneath the platform deck.  Also, the quartering 
seas were observed to cause larger wave runup and 
modification to the wave field than the head seas as was 
expected.  Through the bandwidth parameter it could be 
observed that for runup the waves became more irregular and 
the spectra broader band than for the incident waves.  The 
bandwidth parameter was estimated with several different 
approaches including zero crossing analysis and by calculating 
the spectral moments.  The sensitivity of the fourth spectral 
moment was demonstrated through direct evaluation, and the 
results from this method were considered unreliable.  Current 
oceanographic practice is to deal directly with the spectrum 
when trying to estimate broadness, and in fact this is the most 
fundamental approach for estimating the bandwidth parameter. 
The bandwidth parameter was also estimated trough the 
approximate method of evaluation developed by Cartwright 
and Longuet-Higgins (1956).  Comparison of the four methods 
of estimation of the bandwidth parameter illustrates the 
difficulty of the evaluation.  The bandwidth parameter is very 
useful for analytical studies but it is shown to be difficult to 
obtain a precise value from the measured model data.  The use 
of the bandwidth parameter in analyses is today perhaps only 
for guidance, but the wide variety may indicate that a more 
careful evaluation of time series is needed.    
loaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Us Throughout this study, it was shown that the two-
parameter Weibull distribution can present an accurate 
prediction of wave runup on deepwater offshore platforms.  
This can be very useful for design purposes where a precise 
calculation of modifications to the incident wave field close to 
and under the various types of offshore platforms is critical. 
Given the appropriate data, this methodology can easily be 
applied to the analysis of other deepwater platforms.   
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